
f^cf 

FTT TRcT fcFgd FflR cpt sFTPTT %T 3TRTFT tl HRT, 24 ^ 

FfeT, Tfter ^RF^R TRTF FT# m FR eft I FR cpj t?ft % 7rR TR FtcT- 

Tfter efferr I frra (1)1 w^r # ftt tT #fcr % mm f) i tsfr t) ffrt 
W Wen f^R 3# FTF *feT WRT I fosT (2) I Wen Tje) F^f FTTfeR Wt 
ft# fr^ ft# # 3tet) i f%r?r ( 3 ) I ft# f# '3R5 f^w# men #q #1 trr 

FR TIFT# Ft I W# % F## T#T # tJvR# FTc# #T3T F# T#F 3 Ft 1 fef 
(4) I Wen wn gfl % F## 3#? TRH 3#T WgfcTF F#TT, F#t FF 
3R£# FTF Tg#FTl 

3TF qH') Rh# % #>Ud vTFT# 3TT# f#>F# *R F#) gTtTTcTFT dlpRI F# ?gTFFR 
F£T #1 I fast (5) I 1#RT F# gfj FTf#?T FF dclKHI, FFf FtW FT##) #) 
n^fi 3R Rr#i % 3 tt# f#r# ft ftft 3#r 3n# f#r# ft -jTnenn ftI#ft 

Fl#t I ftp? (6) I FTT FTF Well PJF# FT BpR #>c|d 3TTFT TFR fcpggcT ETRT 

F##t I ff 'Fttff tttft ftr#ft nr itt TiTF-ii #) ftt #fer f# ttf# f#) 
R)#Fdi ti 



(FF# #R T R RI#) 



A REVOLUTIONARY MOTOR 

This motor will not just make one revolution - but many. For, it is, by far 
the simplest electric motor. Wind a 24 gauge, 1.5 metre long enamelled 
copperwire, on a torch battery. Fig (1). The coil should have between 10 
to 20 turns. When the coil is removed from the battery, it opens up like a 
spring. Fig (2). Tie the coil at several places with bits of string. Fig (3), 
Instead of string, bits of adhesive tape can also be used. The two ends of 
the coil should jut diametrically outwards. Fig (4). It is on these two ends 
that the coil will rotate. So care must be taken to ensure symmetry and 
even distribution of weight. 

Now, scrape the top half of the enamel from both the end leads. Fig (5). 
Do not scrape the entire insulation, but only the top half otherwise the 
motor will not work. The top half of the end leads are copper (conducting), 
while the bottom half are enamel (insulating). Fig (6). The copper/enamel 
sequence leads to make/break of the circuit and ensures that current 
flows in only half the rotation of the coil. This commutator is the heart of 
this simple electric motor. 



(Contd on next page) 
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■hIc^! cMI'-I cfJT d^chl 

TJcp qRT# T#cf ft? # # 6K|6K gctv-sT fi cCTCt | ftpST (1)1 WlcD 0ld 
cfjit 3 |ch(P ? ft?f cfj faff f eFTT# I f^PT ff ^Fhf ft# # 

2 ft'.#. q? ^ 3f# f# sRT3ft I f^ra (2) I ftf#t qR# ff#fr % 

■PT ?q> RSf# eft 3ft? FHI^fcbcl % cRJ# Cf?t ??? ft ?ff W ?? 

ifeft #ef q? ePTT # I ftl? (3) I 3TF3F5PeT q# cR? # Rsf efl hT eft 

'pppff qR # ft 4# f | qq? 3ffR ■ttisfcbd ^sT % FRf# «Pt «t?ft ?R d*?l4 
ft rp? # l ftra (4) I 
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:qq R?R % i#edf ft RS# ft? ?/HT3ft, ftfRfftt ftft ft?# % ?? (+) 3ftR 

^ (-) fftjftf ft RT? ?fft I fttRT ft? ft ftt ft? t ?ft ft?# #t MIS 
■HcT? # RTersft I ?RT# 3P53T ft^d <■)*?<}> cpMH Ff?T I R#? ftft eft? cplH 
R5R# 1 1 f%T5T (5) I ft# ft Rift? # ft# ft ?TR ft ftt ??# ft ftft? ?TRT 
Weft ft I ftftf % ??JR ^JXKSI 1(?T-ft?ft? cpT qq? WFct ft 1 fttR #?t ftft 
ft?R q? qq> Mlk?TR Reft? ftt «Rl#t tl 

W ft# qft sfftT-Rq ft?TTq>R ?ft % ®R# % ft# f#ft ft# % &<fl ft -Sid 
# I fxT5f (6) I 3T? qft qq? ^Rq?-RTT £TWPT ft| W R|?ft eft? I 3FTR 
?JR3TT? cpT ERPPT ??? fftlT ft ftt?T eft «>edl aft# ft ft ft? d? J ll I 3ft? 
G(? qRTftqft RT# f^?TT ft eFfPT I 



HOW TO MAKE THE MOTOR? 

Cut an old stove pin into two equal parts. Fig (1). With a small nail, 
hammer a hole in each piece near one end. Hammer one more hole in 
each piece about 2 cms. from the other end. Fig (2). Salvage an old radio 
speaker magnet and place it on a new battery with the help of a cycle tube 
rubber band. Fig (3). Several such sticker magnets are available in toy 
shops these days. Stretch out another cycle tube rubber band along the 
length of the battery. Fig (4). 



Now, insert the stove pins in the rubber band so that the pins keep in 
contact with the positive and the negative terminals of the battery. The pin 
with two holes is fixed at the battery bottom. The second hole bites into 
this plane end and this ensures good electrical contact. The stove pins 
serve three purposes. Fig (5). They act as power leads, supplying current 
to the coil. They act as bearing supports for the coil. Finally, they also 
make a stand for the motor. 



Now pull the stove pins a little apart and slip the coil in their holes. Fig (6). 
Give the coil a gentle starting push and it will keep rotating. However, if the 
push is in the wrong direction, the coil will stop after a while, flip and rotate 
in the opposite direction. 
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3?T ?T?eT fcf^cT Ffe? ?T ^ 5Wm %-q T^T f I #Wf, 3RT? tpn?> 
TefF '4 Ft W Ff^rr? 3 FI? ^cf? % ^3cr? 3fl? Ff$FT ^cff % ??TH FTF 
f^ ?tk; ft vrp& cfrt ^ Wc? ^ ^f! c^ fc?q qft 6f^r ^rcpfn (i, 

2)1 

3FT? Xjq> 3ft? ?«IT^ ?pFf? % WT efRTT ^ ^ !fq\ ^TT? spr^ 

.FhTr lJf5TP5T % frqft'd gq T^f> % SrhFt-TTFFt #rf ^ S)?f 

3T%F> ^TfgfraTcf) Ft ?TTCFTT 3ft? Ffc? 3Tf§PP rtyT Ffct ^rp^ PFt’ft I f^TS 
(3) I 3TF? cfpfi ^Hcpf % ?FTR Sjq 3TT^-Wr^ #*t eft FF? ^t TjfcT «M 
tpg PU\nft| f%T3T (4) I fj?T[ cRff? 

3PT? dlsl % Wecrl cpT 3TRPR J l)d cf5t spSTP? 'dW'k, 3prFTcf5T? ITT 44^^11 Ft 
eft ^3?# qfe? efft FfrT F? W 3PfT? F%FT? ?«JT^ 3ft? Wr3 % 

<t?B> ?srTcft ?FTF ?Fcf) tl F^t qFT/y2JTFT FFFt ?t Ffe? F? F4T 3RT? 
F%FT? fapT (5) I 

3FT? FT^ % A cPF FFF? Ft eft '3?TP5T FtF? TJ?t Ffrt 3ft? efFPF F? 
FFT 3T?T? FtFI? fepf (6) I 3FT? Swt if yFTFT WR Ft Ft cRJI FtFI ? f%RT 
-(7) I Mdet 3ft? Hl^ cIT? Wl <tdl 3RT? FtFT? 



EXPERIMENTS WITH THE MOTOR 

Several interesting experiments can be done with this simple motor What 
happens if you flip the permanent magnet? If the north and the south poles 
of the magnet are interchanged, then the direction of rotation of the coil is 
also reversed. Fig ( 1 , 2 ) 

What happens if another magnet is brought close by? If both magnets 
have opposite poles facing each other then there is an increase in the 
magnetic field and a consequent spurt in the speed of the motor Fig (3). 
The speed decreases, however, if both magnets have similar poles facing 
each other. Fig (4). 

What is the effect of different cross-sections of the coil on the speed of the 
motor? Try coils with circular, square, elliptical, diamond shaped cross- 
sections too. Observe the effect of the air gap between the magnet and 
the coil on the motor’s performance. Fig (5). 

What happens to the speed/power output of the motor if there are few 
number of turns in the coil? Fig (6) What happens if the number of turns 
are more? Fig (7) What would be the effect of using thicker/thinner wire 
for the coil? 
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h!c^ ^ ^oT 

1 .5 ftcF c|ft ^ W RTF? RRR W let'll ? ^T RtFF cfft 

Rfo (^ffe) 3fk ^if^T Wl 3RRR RRISTtf I 

FlFF cffft TJcfj RfhFTT *IF t ft? ^T^T rRt ^Fh ^R J I % 

3RR ^t ^FTT 1 1 ^T cM? ff FTTOT TRFfc 3m?T TFFT 1 1 TTPRT 
^ir$) eft hIc^ cfot v3edl ciCchl 'ilc^cl Ft I Ri^l (1)1 deleft 'Hlcx eft v3 cC i 
cRRf FT ^F <id\A f% eft ^JFeTT §3TT BReTT TFkTT t 3?R f^T FeFT<FT 

fitter f^FTT 3 ^Ft eFFTT t I ^TTT TFf? 

^TT FtFT ft eJF ^3 FftFR Rsldl't tft W TFJFt Ft I f^T5T (2) A RT FtcT 



cfF^ ^ viff Weei % 3FFT ftnT Ft ^fFTT % I r Flf FT F^F f^KT FFT § | FFft ^ 




TTctft 3TtT Rf) f^FT FFT3Tt I f^foT (3) I Beilin F?f ^t F>l^ FF 8>eet % 
3FFT f%TWT ^t I f^T (4) I ffft ^t BFRT ^tFT, M ft Rrf%FT f^ff % 
3FFT FvTT dlTRft t f^TF (5) I 



ft HIRkI ft dlfelfl ft ^cfj Til^Rb el ft FTcF ^T]F f FF >4 % fft 3 TtT ‘<^11 ft I 

ft FTg^t w ^ w sft fffft i ff^r (6) I f fff ft fttf 

c^TJF ft ^JTIT ft 3ftT If ^ FF-F^T ^Hel FTsT FF H yll eft I (7) I ^<F cFlffte 
FF fteTT f^T5T (8) f ff^R Rftf ft Flfl sftr ftft I F^t d^6 HlcR f fcR 
TF> TFF eRT3ft ! F^T TTTFf Ft^T ft ?JF 3fk F^IT-FTIT feleftf R^TF? f^t TTFFf 
Ft? 



MOTOR BASED TOYS 




How many hours will this motor run on a new 1 .5 volt battery? How can 
one approximate the speed and power output of this motor? 

One remarkable feature of this motor is that the brushes are located right 
inside the bearings. So, there is little chance of a miscontact. This also 
enables you to turn the motor upside-down. Fig (1). What do you observe? 
As you invert the rotating motor from its upright position the coil first comes 
to a stop, then flips, and then starts to rotate in the opposite direction. 
Why? 

The motor can be converted into some joyous toys. Fig (2) shows a circular 
card - the size of the inner diameter of the coil, with a cage in its centre. 
Draw a bird on the reverse of this card. Fig (3). Fix the card with some 
adhesive tape in the centre of the coil. Fig (4). When the coil rotates, due 
to persistence of vision, you will see the bird in the cage. Fig (5). 

Insert two equal matchstick pieces in the ends of a cycle valve tube to 
make a thin blade propeller. Fig (6). Insert the valve tube in one end of the 
coil and see a rotating fan. Fig (7). Cut a circle from a stiff card sheet. On 
this, cut equally spaced radial blades and offset them to make a blower 
fan for your motor. Fig (8). Which other ingenious toys can you make out 
of this simple electric motor? 
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t? 

rfte? qq qqq qRqr t? ft! ttr^rI % "faq <tt #t % rr 

qq SeRT qrtTRt 3fT7 \RRf> qTri t%7t er Tl RTT^t cptTeRh qTf% #R I 
f*rq (i ) i qter % qrtf gvff <t>r fer ( 2 ) % ydiRq, -^rnaft 1 z RTqqq 3 
TRtq ftq Tf w f^rq w-ttot 1 ?frt 0?^ q^r Rq TThq ffprr 3 w qr, 

3?R f^rn q^t ^TT3ft, f^R# 0wl 3 fcRpT ETRT (qRF) q% I 0eeTT RtFT-RT 
1^ el'll afR TRU? ^RfcP qft qf|q ^ RT^j j?t *>q> RUJ'li , 'lid -'lid tjA'TF 
qff I TRc], 3FR ^q f^ra Rt eFTRTR WZ TR^t 3ffr TltRR} Tgt*t eft 0TRI 

cttrtr ^q?n r^hti ft 0 ^ firt % 0 ^ % rt£ f^ q^t qt 

qRct si I 




RF rtteq 3TT%q ReTcll %Rt t? Rq ftRft RR 3 fcRJR RRT qFcfl # eft 
RR% WRf 3Tk qq? *prq?fq StR qq ftqfR FtRT 1 1 f%R (3) I 1%R (4, 5) 
ft'Skl t fj}j 1RT frFjq Tpnq ^ gq ftRT Rft F^ I Rq 0RR % t^Rl % 
qft qT<?t 3H^ 1%qqff Tt f?Tqq RRT qFcfl t qf 0RRT ttcp faejq qrqq; qq 

RTqr t, f^rqqq qq? gq n 3fr? e^jrt s fIrt 1 1 fer (6) 1 rf qq 
R?qq? % fciqflq gefi q5t 3 fR RTqrf^q Fkf f I 0 qqf 7 f? n 3 f|q s q >1 
q?qq? % s r*r n q?l ^fter A rtrr tr? rtri RTl%q 1 *r ?nft sq^ q> fM 
^ jqidcb qrf%T qT^ %q^ ierrt ^ f^q qqiF q^ qVq? ^ # 1 faq 

(7) I 3FRfl ^ qfcT % c|5RR 0eefT ^RdT 7FRT 1 1 RTt qTcl RT^ f?R^ 0?^ 

q>t ^qRT q^qq? qqi^ 1 1 ?r ?rf wrrt qtR-qief ^qqT tfrt 1 1 

HOW DOES THE MOTOR WORK ? 

How does a commutator work? Take a coil and scrape the entire enamel 
insulation from both its leads. Fig (1). Rig up the motor as shown in Fig 
(2). Improvise a switch using two nails and a stove pin bent into a 'Z' 
shape. Now slip in the coil and press the switch to complete the circuit. 
The coil will turn a bit and come to a stop. It will not rotate. However, if you 
keep closing/opening the switch repeatedly, then the coil will continue to 
rotate. The earlier coil - with half copper and half enamel ends did exactly 
this. 

How does this DC Motor work? When an electric current flows through a 
wire, it produces a magnetic field around it. Fig (3). The north and south 
poles of the electromagnet are shown in Fig (4, 5). Gripping the coil as 
shown, your thumb points towards the north pole. When a D C. current 
goes through the copper half of the coil, it act as an electromagnet with a 
N-pole and a S-pole. Fig (6). These poles are pulled towards the opposite 
ends of the permanent magnet. The coil will tend to come to rest once its 
N and S poles align with the S and N poles of the magnet. But just as it 
reaches this point something happens The enamelled half of the coil lead 
switches off current to the coil. Momentum propels it on until once again 
its half copper leads touch the power leads. Once again the coil becomes 
an electromagnet. So, round the coil goes, and as it reaches the come to 
rest point’ it demagnetises. Momentum propels it on. In this way the coil 
continues to revolve, round and round. 



11 





%7TT ^TT 



IT? 'M vijcl I cfRcTsf ^FtR if 'X\ <YA FFd ^ Rd fplT I dd-i? <dt J I -~l Uldl 
m WFT tdd efr I ^ ft 3 fR cjFlR 3 R|£ ft #FF 

cfft IJdT % wr cfff yffrfcfR gPR cfff SPffpJHT epTTSfr I f^ra (1 ) I fcfj- 

Cfft STtBT-^Tf 3RFy Wf I Ifd ^ ?Mt % RR % ^TdRT 3 fsd^V 

rff FfP ft dftl frfdf ( 2 ) I cfff fhR cP fd d?r %P ^r #fTT ^fr I 

frra (3) I RTdd dd 3Td R-idcbl fedT Ft I fef (4) I 



fdd df FFrf eft 3FRft xFTeft R 3TFt-rft& #dT '^TOft I sff#t dfcT dRt 
R rjf rrr 3 -giTTSfri l%5f (5, 6) I did ^ rJF ffffTTT ftvf dTFt rqFT3ft I 
ffTRFT PlRdT d^f I frR sfR-EfR dfff dft #? #R dff ftdt I fffddT 
3pft fff Wd R RT RF fedd FPTT, dTdt fcRft ^ Rt dtd ft ft?WI R3T 
Ft I Rf eJPFTR ftdT 3TRR i\ R RRf I 

Rd #R t^RTT t, eft Rt% FfP dtt dfd R Flit del f%d% it RPR i 
it 3TR didfdT t ! dF RT (ft^tftFcT dcT) ffdJ% dft dTFd it 3ftd ii 
dfPt ft fpRTT 1 1 



FUNNY MONEY 

This is a truly dramatic way of demonstrating Centripetal force. Grasping 
the hanger by the hook midway along the longest side, stretch it into a 
diamond shape. Fig (1). Bend the hook slightly inwards. Make a hole in 
an injection bottle rubber can with a divider point. Fig (2). Insert the rubber 
cap in the tip of the hanger hook. Fig (3). 

Place a coin on the rubber cap and then dangle the hanger back and forth 
on your finger. Then build up a little speed and spin the hanger in a full 
circle. Fig (5, 6). Continue spinning as fast as you like. The coin will not 
fall off. When you want to stop spinning, do it gradually, coming to a slow 
halt. The coin still remains perched on the cap, as if it has been glued to 
it. It will excite you and your friends no end. 

While the hanger is spinning, the tip of the hook exerts an inward force, 
which pushes the coin towards the centre of the circle. This force is called 
Centripetal force and prevents the coin from flying outwards. 
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^ ktcR Rfisfl kk cF>I kRT ''TT^R k #T k I fkk kt ipP tjflk 
ktefk^f kt effk k k tkkfR vRik rp kRT an^ efte? k I kra (i ) i kr 
kt kk kt FTSf k ^TT3Tf kmk afTeJ ^ keT tRFR k ^jk i kk- 

kk kk k kk ampft. kk-kk frr 3fr ^kkt i krs (2) ! sjkf arr^ 
<r wf (k^k^Tei w) FTk t kr ^akt k^ k klkdi 1 1 wkfk 
3TTej kt kR k rpr fk t, Fkkq pf kt \jfr kt ^rek 1 1 

kF TRfcR RjccIKI kt ^kt fk^TRf TR 3TT£fTfkr 1 1 ?TFFT FRTF kt ^k?T 
kcr^TRP k kkn 1 1 ?rrk fcR rf khR Rkt RTTfkRF kt akt kt l kkt 
Tck k^kt piftf k kfR ?ri fkkk srt ?Rr qrkt k ppf 3 3rrkt f 1 ^rkt 
k rf fkk kt qrkt k pk kkR k rtRr ^ fkk kt *jf k ^ripr aikt 
kM 1 fkq (3) 1 rt fkk k fr qrkt fkperk erk dp cjr ^k ^nak 31 k 
kk-kk RR ^Tatt ! a^Te) cRR ?JR Rkt kt T fteMTki fPTct TFlk dR dR 
3tt Rwik k k qTkt rt ffr-FRm kfaT Rkn 1 kra (4) 1 ri ?rf dR rtf) 
kt kket RT RRT qpft RFR Rktd RRk Ft I ^Rck deft ’R Wt ¥et qjkt 
kt aiRTTkt k 3TT5TT ktR rr rft kdT 1 1 

qrkt kt kkfR k firs rtf k kRk k fkq ktkt kt fkwkt kdi 
rtf^r k sk 3fR kr kkt k kt dRkr k rf kfek’ rti k 1 



SPRINKLER 

Tie a piece of string, about one metre long, to the top of a carrot. Slip the 
free end of the string through a ball pen body. Then tie it to a small potato. 
Fig (1). Hold the pen body in your hand and begin making circular motions 
- the potato must swing in a circle. As you increase the speed of rotation, 
the carrot will rise. Fig ( 2 ) There is a force associated with the rotation of 
the potato. This force pulls away the centre of the circle and is called 
Centrifugal force. 

This simple sprinkler, designed by Suresh Vaidyarajan, works in a similar 
way. Take one metre long flexible plastic tube - one end of this tube 
immersed in a bottle of water and suck out from the other end. Fig (3) 
When water starts flowing from the other end you start rotating it and 
slowly raise it. Water will Keep sprinkling out as long as you continue 
spinning the tube. This way you can drain out the whole bottle. Fig (4). 
The Centrifugal force of rotation is enough to suck and lift water from a 
height of almost half a metre. 

To prevent the water from falling back in the bottle, improvise a simple 
‘Foot valve’ like in a Hoii water sprinkler, using a cycle steel ball and a pen 
body as a seat. 
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^Tcfj cRTvjJ^ 

3RT RTRcR Rf Rf % 3MRT R|R 3f|R R RRl-RfR RR cfteT RPfR 

?t I rjRpf MIRCRjIR R) ^1«l4 RTf I ^M4>ef ^ 9.5 R.R. R -s i ^ % 3TTrf 
f I RRRRlR Rf % R 9 * WRMR R eWff 3 W eft I s|RT cR? RP ^pf 

^ RTTRTTl f^r?f (1)1 cpf cfft Rf> cptrf ^Rj 3fR frT>t (2) ^ clRR 

Rf Rt Rrfl 3 RR I sj-SR RRRR iRR f^RT 

RRT3Tt I f%J5T (3) I R5RR Xp] f^HT cRRJ % RRjcR Rp^ PR FPTT, 3ffR PlfeR 
KfefP Rf did-} Reft Rfc( dC^ J fl I R§ Rpt ^ WIRT M RT ^RPTT Rlddl 

(^rp Rncphi Rr?r 3 R>yiiii # Rt 50 tjr rrh rt t) fpMdisrt i Rppft 

fpdp ^ EfFt Rf RTT R5 +TTR dCP)|3Tf I f%T5T (4) I +TTR R?t 4d6 Rf PPP IRfRTT 
Rf)qT ddcbl R^TT I PfR5PFP^ PR ERf cfff fp^TfcT PP PldM d+TOTf I f^T5f (5) I 
^PTRT Rftyf f^vR Rf PP PRPTf WIRT 3ftR RpP fJRFTT M^fRl ^Rf PP 1%PPP 
(5.0+2. 5=7. 5 TTR) ddPlPfr I Rp? (6) I siFt P?f fR^rfeT P^f ff+R Rf Pfe P+Rt I 
'JRFf ftrppf % PPPP PTR Rra (9) ^ Rp PP 1 1 fppp 5PTR P5R 2.5, 10.0, 
15.0, 20.0 PR R Pl^'IR iff ppi PR ePTTPft I Rpf (7) I fRf PRP^ R dR 
fRpft PPT PP PIR PPRTpft Rf pftcP RpR R I PP deTT RTReT eftpR R Rl^l-xl 
PR 3TTenftcT 1 1 Rra (8) R 3RRTTR - 

mgasinA^Mgb cos A; M = a/b m tan A 

ppft % cfTcPT PPT PIR PP pRP PR Rpfo PPRcP 1 1 

LITTLE BALANCE 

This letter balance is convenient for weighing small objects. Postcards 
nowadays are 9.5 cms. wide. Mark a postcard along the length as much 
as its width is and cut it into a square Fig (1 ) Draw a diagonal and poke 
two holes with a divider as shown in Fig (2). Insert paper clips in the top 
hole for the pivot and in the right hand hole for hanging letters. Fig (3). 
Stick an old 50 paise coin (weight 5.0 gms.) in the left hand corner and 
suspend a small nut tied to a thread from the pivot clip. Fig (4). This is the 
pointer plumb line. Now suspend an old 50 paise coin from the right clip 
and mark the position of the pointer on the card, indicating 5.0 gms. Fig 
(5). Again hang 7.5 gms. (one old 50 paise and one old 25 paise) from the 
right clip, and mark its position on the card. Fig (6). Using standard weights 
of old coins given in Fig (9), also indicate 2.5, 10.0, 15.0, 20.0 gms. 
marks on the card. Fig (7). This calibrated balance can be used to weigh 
letters. 

The balance can also be calibrated by taking moments about the pivot P. 

Fig (8) 

m g a sin A = M g b cos A; M = a/b m tan A 

Check whether the tangent of the angle you measure is proportional to the 
mass of the object being weighed. 
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■^WJcTT 

fR ft cffcf fttft ’ft ftftft RT RRcft 1 1 IJR RFf eft 

fftR ft? ftf? RcT UR RT cRH ftfR TR?ft Ft I fttUT-elRU ftft kHlfftiR RJI 
(■Tcft) ft RT? fftft ft vIWT 5 ft.ftft. ^ft ?R Rf? ^ ^HT3Ttl fef (1) I ft 
ft CRR 5 uft Ejft 1 1 % ^Tft ft ffteRT efR uftR ^ftn, cRRJ UUUT 

ft 3TWT uftuil F?rft? feR ft ftuftfftft ft? Rfftf eft RTU ftft 1 1 

fftHftftjTT fftftf Rf tjRTftft RRR ft? TJR fftft ft ERTT ft I FT fftftf ftt fttftt 
ftM ft ^ftftt I TJT % Rrffft fftft efft ?ft?T-RT ft?T RTCR'i RR ReTFT 
RIT3ft I T£T ft? RR fftft ?R RR ft?R fftftR y>tHI4W ejRRft fftftft fR ?RF 
fftf^RT Rft fftwft T£f xKfftlcI fftlfft ft ftt 1 f%T5T (2) I RR? R!UR, fftHRT 
RR RRJR ft, «fft X’islRX RR ftf?R ftuR Rft I fftu ( 4 , 5 ) I FRcft H^c; ft 
WTeT, UTR IcRd, EUft ft? gRft 3frfft RT RR ■HlcJH Rft I 

^pft 3R3UR RT RR R?T RUT (Rrfft 4 ftur) 1TR ft oTWT 20 RTF ftUT f i 
fftu (3) I Rlftt RTU Rft RUT (20 ft?3f) RT RRf eRT’RT 100 RTF fftn I 

RR ftftRRTf RT UTR 9 5 ft.ift. x 14.5 ft.ftt. fttUT f I ^ft eTRTf afR #Flf 
ft RIURX 9 x 14 3TTRR RT RTT eft I 3R FRT 126 cjft ft.ftt. ftURcT Reft 
Rif RT UyH RfteT 2.5 UR fftn I fau (4) I Rffft Fffft? RR Rft ft.ftt. RT 
4fR RWT 20 [ftftliTW ft? RTTRT ftWl I 



MICRO-BALANCE 

This is a very sensitive balance. You can easily weigh a human hair with 
it. Insert a needle at right angles, at about 5 cms. from one end of a soda- 
straw. Fig (1). The balance must be mounted on frictionless bearings. 
The best we can do is to use two safety pins without their latch ends. 
Poke the prongs of the safety pins at one end of an old rubber slipper. 
Place the needle along with the straw in the eyes of the safety pins. Cut 
the right end of the straw at an angle to make a pan. Carefully balance the 
straw by adjusting the position of the paper clip counter weight. Fig (2). 
Calibrate the balance by weighing some objects of known weight - 1 cm. 
sq. pieces of postcard. Fig (4, 5). Now weigh various light objects - a hair, 
a stamp, a piece of thread etc. 

A single, double spread sheet of ordinary newspaper, weighs approximately 
20 gms. Fig (3). Five such double spread sheets will weigh close to 100 
gms. 

An ordinary postcard measures 9.5 cms. x 14.5 cms. Cut it along the 
length and breadth to make it into a card of area 9 x 14 = 126 sq. cms. 
This card weighs about 2.5 gms. Fig (4). Thus each 1 sq. cm. of this card 
weighs around 20 milligrams. Fig (5). 



0*T gms. 
cEjnr 
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EIWT-^cRf^ 

^M<bel ^ 'jFT?' PPft oTF^ff afR qqrRf FF ^TvfRT f 3TT?TT 1 1 PH^F 
3 3FR cfTf^ ft# ^ £TTPF fcTT t - Ft FtFT ^3Tf CRFF 3TFf 

llR cpt t| chdel I % afR FF s|-c|K| pffE[T gg % WPT RKcll 1 1 T^PT f HTsf^TT 
^ PTTFF f c^Ft yRF ?« 3TJ>Jcr f^TT FRTT I qp ft 3FR 

fT ^RPbcH RTCcff t eft erg- c^Ffff #t t^RTcfr t, ^rRt cft^TfT cpf, afR qiit 
Rl d Rl el I cfsf cfcp ufRt TFFT 1? dq> <*>dK f xyfl TlRt 'MI^Rhcf RR q 
t 

3PPFR fpf FT cfcfj^t % JjdcbT cR aftR-arfft ^ft q? xjq> WR f ^T 

fp# If I Rby qq> R-R qff fq <Pt fiR# if Ri^iR ^0 % «i 1 <4 qcp q>q% rRI 
fftr Eim?iisf Ft weft 1 1 qqrf qr?T ff qsft R ft gq q? Rpt sht pr# 
Ft I tfRI % qxff cpt fRf f f# eft I f# cf>t qq^ R q# PsT# PF pffff | 

arq qprf qf ftft-ftft ^ft qq m pr% irp prfrt rpr qqTRt i qrqRt qft 

f% PkTR pMt ft Ft I gq RTFf Ft FPt U 3fR S % 3TRPR f ft qqT PTqft 
Ft l arq qq> RR % qpf qf Rixraf 3fR qcp % qrq qrqcrrq ptR qpff <ft Rrctt 
f# i rtt eqff % qqqq afR qrft f p?Ff ’ft prf qf fqift f ? 



PASSING THE PUSH 

One has to stand in a queue for virtually everything these days. And what 
with people pushing and shoving from behind! Well, a push from some one 
right behind has a way of getting transmitted right to the front, and it is 
difficult to identify the person who gave the initial push. This is part of 
everyday experience. Also, on a cycle stand, if one cycle falls down, it 
brings down the one next to it, which in turn topples the one next to it. The 
fall continues until all the cycles lie flattened on the ground. 

Children often stand bricks and dominoes, like wagons in a train, leaving 
little gaps in between. They have great fun tipping one piece and then 
seeing the whole train come tumbling down in a sequence. The same 
thing can be done with a pack of old playing cards. Hold them and fold 
them so that there is a crease in the middle. This enables them to stand 
upright. Stand these cards to make a long train. You can make gentle U 
and S shape curves too. On tipping one card the pulse travels until the 
very last card falls down. Does it not resemble the propogation of wave? 
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?ER-E3ER ^ T? «RTt I Wg ?TRT #R 

Tt eF?t m^IcKtl 3FFf 3 tf^RTTef tl 3T3^ m TF tTFf t Efts % 

#HT ft^dl t 1 FTFT % 3RgTEfrR ^3T Ef?f ijft TTcrF FT cREfTspT ^ 1 2 
«elEg Ftt tl 

xjcfj gt ^ eft wi ^ ftft % fN t grtTat I gt «ih4r #sr 

t ERT RR ^fT% feP? Ft ^HEfRTT t ^ ^ ttEff eft W$ FR F^T W1 
tf%l frra (1) I T^P afR gt ept F^ft 5RPR #T t ^fift 3TR Tf gRTT3t I fojT 
(2) i ft ^rtr g^rf eft gft t? tt mrfewt grpft i f^rsr (3) i ftRft fRpft 
WWeT t t XTcF? gEf5FT ^ 3fR 5 Tf.Eft. Eft ^ft T? Ft Eftet gHT Ft I 
fxTST (4) I FF-TTcff eR#l f^pft efrat^T ftfoel % fefj% FRrt gteff % 

FRff F? EFFt Tf FTEf Ft ITT RlMcbl Ft I Ftrf ftfaet FF eMI tQT t Ft I 
f%T5T (5) I 3TT g^Ft Eft -JlfticT % gWf t gRTT Ft I 'JlftxH tf f9T-tEfftF t 
tt g^FT I MHefcwt Eft 3RT ERT % tM TRt f^RRt Fpft Eft FR 
tfar % ftF t FFt Eft ERTR igp gfR Tf% I f%TpT (6) I mefcfcft tvt Tt 

gMi 



A FINE TURBINE 

I have made several crude waterwheels and turbines using odds and bits, 
but this one is the most sophisticated one of them all. This is nature’s 
very own turbine - the seed of the Casuarina tree. This tree can be easily 
mistaken for a pine. However, its seeds are oval, woody, and have a dozen 
deep furrows running along the length. It is these furrows which simulate 
the blades of a real life turbine. 

Heat a needle tip and poke it along the long axis of the Casuarina seed. 
You may have to heat the tip a few times before the needle gets firmly 
embedded. Fig (1). Poke another needle at the other end of the seed. Fig 
(2). The needles become the axle on which the Casuarina turbine will 
rotate. Fig (3). Cut a piece of old rubber slipper and fix two nails on it. Fig 
(4). Tie 1 cm. long used refill pieces on the nail heads. The refill pieces 
must lie in a line. Fig (5). Now, place the needle in the refill pieces - which 
act like bush-bearings. Finally, keep the seed turbine below a running tap 
such that the water stream falls on one side of the seed. This elegent 
turbine will then keep rotating and give you endless joy. 



6 



23 




«bl J M cjft cjv^t 

fTT TOTOT TOTO, TOTOT TRT 1988 A *ffa TO g'RTO'f ftefT SIT I 

1%yfT Jlfriyflef PlTO ifc TO TO TOFT % fcR 3TTOR EFTO?f #t 

TOTTOTOf TO TOllR ?Wr 1 1 TOTOT eft cfjtft TO TO RfeR ?TT yR'cbd W 
cf^t 'd'tcl ^ TOdl % I 

10 ^f. ft. x 20 ft. ft. tot to ^ totottor tot # I tom ft. ft. ftro? 

% ftR TOT fft TO fftRTT TOTTOFR PlTOe) ft I fosf (1 ) I TTTO 10 ft'.ft. 

X 20 ft'.ft. TIN TO 3(|i|dMK TOTTOT ft I Weft TO<M 3 W ^f.Tfl. 

ftro^ ft TOTFTTRR gfftdft TOT ft I f%T5f (2) I TOFTvf ft TOft TOft 
fftjT (3) 3 fcRsTTij ft 1 1 TOft ft fftTT TOft TTOft ft ft? ^mTsfr ft? Wfft 
ft ft ftR cf?T TOft gRTT TO RfMTO ft I f^T5T (4) I 3RT TOft TO VTO TOtTOT 
Rfsft ?T3I ft Hcfj-sl ftr g?T? W ft gTO TOTO ts>^l -si I f^TS (5) I <ftl cld'lyl 

cf5t qfftft ft ^roTOron ftr wro? % ttoft to M(fteft ft % ftr % ftft 
TOft TOift I f*ra (6) I ?TT cR¥ gif TOP J|RftR ffts ft TOT TO TOTT HTOT 
TOfft ft I 

fftftt TOcft gg TOft TO TOT iTTcgif TOfft ft feT? vRfft Tift ft Efft TOFTvT ftT 
TOft % ftr TORTft I TOTOT TOft-TOft ft ft gTOfft, ft-TOft Rf^STOT ft % 
ftft TOft MlR'Fl I SrMl 3TTOTOI % , ftft ft TOdlVl ftt qfftft Pldft HKT- 
TORT TOft ftft, TOdft ft ^TTT ft T ft^t ft TOTO TO TOT TOT TOJTO 1 



PATH FINDER 

This brilliant idea won the national award in China, for the best designed 
teaching aid, in 1988. To locate the position of a moving particle you will 
require some fairly expensive and sophisticated gadgets. The paper reed 
path-finder enables you to do that at almost zero cost. 

Remove the centre from a lOcms. X20cms. piece of cardboard, leaving 
a 1 cm. wide frame. Fig (1) Take a 1 0 cms, X 20 cms. sheet of paper, and 
leaving aside 1 cm. along its length, cut parallel strips along its width. Fig 
(2, 3). Apply glue along the uncut length of this paper reed and stick it 
along one long edge of the frame. Fig (4). Hold the edge of the frame with 
one hand and drop a marble into the frame. Fig (5). The marble will strike 
the reeds and at the point of strike, the reeds will go below the frame. Fig 
(6). This enables you to locate the position of the particle. 

The path of a moving marble can be found by placing several such mounted 
frames along its approximate trajectory. On throwing, the marble will pass 
through all the frames. The reeds will go behind each frame at the point of 
strike. Of course, the thinner the strips the more precisely can the position 
of the particle be located. 
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?tf| # cfTOTO ^Ff TO# TO? # #T Tfl TO?R ft ## Ftf I T? TOTT# TO^ 

t^ror w ft q?# to#I for ft i Bftaft wsft f to# ?ro# to?; # 

<sld<ri # | 

fcRft ftft qfg-fk TOT 7 #.#. WR=f TOT ^TO TffeTT TOT# I feTO?TO # ## 
f 6 #TO TOcTT RldWI TOTT3# I frTsT (1 ) f ffQT>? ?pft% # RidR #f R0T3# 
f 6 3TTTOT TOTT3TI I ?#TO OTTO? ft RlPf 41 # TO# ^jr ul-STO'! smft cftff 
^3# «#? TO TOTOTC TOcfT # TOT?t I RTS (2) I TO# 6 OTTOcff TOT OTT #TOR 
w?t <to eft i f^Tsr (3) i ?ro toto# tfr ott to# # to# i ott toto# % ^ 
f TjTO 1f*T TO Mdcfl cflcl t^'id l3Tt I Rtd eft 4) TO TO#W 1 #.# . 414 eft 3TtT 
Rrro# i fa? (4) I ?# #ro to to^; ^#to I ffq # to# artr qk to 
ffikfer TOnaft I Rroft ?? arqft tot? totor ffqro tot i ffs (5) I 

3T? ?rof TOT# # fcTTT tro f I STT# eft TOcft TOTOvJTO RlCci TO (#cT) 
Tfr ffq f ?r# I tot otto # toTtot to?rt ft afR Ri??to f # yfR 
# %rot i kra (6) i toott Rroroft ?ro ft tor tot# qffroff # ?toto# afR 

eT?? #vft # #FT ^#TO I #vft # ffrorft ?TO TO? TO? TOT #? TOTT# f 
RWTcf TOT? # rjjTTO# TORT efcT? ft# TO# ffTOTT # 1 %TOTO TO? TO# ft 
TO? Rr?T t 3fR TOqf #T TOR ftR-fteT TJJRn R??fT f I 



AEOLIAN TOP 

Taking its name from the Greek god of the wind, Aeolus, the Aeolian Top 
is propelled by the wind. It was popular during the late nineteenth century. 
It consists of a thick card disc, 7 cms. in diameter, that has a series of 
oblique slots arranged symmetrically around its surface. Fig (1 ). Cut along 
the three sides of the flaps as shown in Fig (2, 3). Colour the top with 
sketch pens, if you like. Stick a straight pin or a thin nail through the 
centre of the disc, leaving about 1 cm. projecting below. Fig (4). This will 
serve as the pivot point for the top. Apply several drops of glue, or a dab of 
Fevicol around the pin to hold it in place. Fig (5). 

Now, your top is ready. Hold the disc lightly against one end of an empty 
thread spool with your finger, letting the long end of the pin stick up through 
the hold in the spool. Blow through the other end of the spool. Fig (6). The 
stream of air you blow strikes the vanes radially and makes them spin. 
The stream of air also creates a low pressure zone, that holds this disc 
against the spool. If you hold the whirling top over a table or any flat 
surface and stop blowing. It will drop from the spool and continue spinning! 
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TO TOftR 4 ^[4 cf>|- TOlf 4 TO L(cH^<tcA TOTcft 1 1 TO tf|44 TOTvT cf4 
4W4R TJcF 7 McH-c|cK^ TOTFTt I f%T5T (1) I M<TOTO$1 % 444 4t 4TO TO 4W4R 
Rttot ^T ti frrsr ( 2 ) i mchto 41 % 4ro 4 to 4f4R 4r 4 ftot-rt ftot 

TOT ^f) i 4fR4 ir# Wf4vf 4t FTO 4 44 4 44 fefiff cfjj 4TO TOFt ! 

fxT5[ (3) I fe4t TO TOR 4r TOeTT TO 4tcT 4t 4R TO# TOTOT 4 #F 4 f^TOFTR 
TO^ TORT c^<s| TOT3TT I Hdel RR 4t f^F5T (4) 4 f4TOR f 414 4 4l 4 I HR 
4f TOfft TO RiMcbl^fr 3?R cTR 4f 4tRT TO TOTTOFFT# 4t TORfiTO TO4 I 
fe4t 4t 4t f4TOTt % 4 r RR4 Rsl'Scpf) % TOT TO#t 14 rt4 TO TO SJR 
<T%! 

TO f%4 "TOR ^ff4 eft TOT 6*1 J tl ? f44t 4 4tcR 4t TOR TOT TOR TOj 4 
3fR 414 TO#! TOT Rsi44 \ 414 4 TOR % TO TOFT 4 TOTTOFFF# TOTFTR 
^Rft 44ftl 

44r f44t 4? 44 totor to? 444 4t totr rr rtft 41 to ^i 41 
TO^> 4 TO^ cj'lel R4 TO ci J T1 41-1 4t 4eHFTO Rc 4 41 TOFTlR RR TOT>4 

Ft I 3TTO f44t f^R TOTOT TOT #t 44 R TOT eft f#R RR 3FFft TOTTOT# 



SOLAR PINWHEEL 

This simple device uses the sun’s energy to rotate a pinwheel. Fold a 
square paper as shown in Fig (1 ) to make a windmill. Glue its corners to 
the centre. Fig (2) Make a single dent (not a hole) with a pencil at the 
centre of the windmill. With the help of an adult, cut the bottom out of 
three old tin cans. Fig (3). Paint the outside of the cans black. Join the 
three cans together with some tape, to make a long metallic hoop. Get a 
piece of thin wire and bend it as shown in Fig (4). Tape the wire on the top 
of the can and balance the windmill on its tip. Stand the cans on two 
books on a sunny window sill. 

Watch what happens as the sun warms the cans. The hot air inside the 
can rises up, sucking cold air from below. This continuous convectional 
current keeps the pinwheel rotating. 

Instead of joining three tin cans to make a hollow cylinder, you can make 
use of the metallic hoop at the end of the soft broom - the phool jhadu. 
How can you make this windmill turn on a day when the sun is not shining? 
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cfjt fcT? c^% HXI--I Hk-CFI-^, 'i-lell ^"T, ?"cR ■HlRf'M 

^TvT aft? aft^t RJ?ft Flf^ ^pft| 

TTRcT WR glTT mWcRI^ TT>ft ^ ^ ^ 1 1 ^ RVFf qY^’cRT^ 

eft I ^tf Wl slWef ^cR RTHTR ?tqT I 3TW ^ff TfTTW^ Ttef ePfet afR 
sleHi^K f%^f spTfaff I qv Tjcfj hI 't-d 01 cftf ■cfl <$ 1 4 ^ nl-sqi , f^rst (i ) , 

afR c£rR cPt ^ F^TT I f^T5T (2) I f%wf Ffp? q=Tt Ttefl^q Iff ^cR 

Tfk eFt WTvf Tf f^RTcRT ^t I cM afr? #T?T fRtT I f^T (3) I 

^ttct f%«n wfeT afR *fr?T fRtt I Rra (4) I fewf -jR rft cmrfM 3 rtst 
Rf? ■Tf I 




3R TTRRPT sRTTatt, cRTT ^Rff ftwf 3 RTRT 3cf FRlR-f ? f?Rl arqFR 
Wit? W feasff 3 FTRRT Cf5t ^RTvf RR-TTFRR ^T I fer (5) I %TT 
3 3Tf£pT ^cT TFIT^I W JWRt 3TFTcH sfR ^5fWef ^ 4Rf % R??r R? 
TRpft ^Mdl 1 1 3TFTcH f^ft cR^ cfft <?|TRT|, 3fR 'RTRr #R 

FTcff TR Rpf? ?RfT 1 1 «Rf^, #^ReT ^nTef efwf afR #?rf HTfa RTTf 
RT RrR ?tdT 1 1 fjr^R R5TTef 3 sfFRt Wm 3RT? T#TT? 



WHICH HOLDS MORE? 

Can two cylinders with the same surface area, have different volumes? 
You will need two old post cards, some sticky tape, a matchbox drawer 
and some sand to do this experiment. 




Post cards from the post office come in one standard size. They have the 
same area. Take two old post cards and roll each one of them into a tube. 
One the long way Fig (1 ), and the other the short way. Fig (2). Tape the 
ends. One cylinder will be tall and thin. Fig (3). The other will be fat and 
squat. Fig (4) 

Will each cylinder hold the same amount? What do you think is the answer? 
Try and estimate the capacity of each cylinder by filling it with sand. Use 
a matchbox drawer as a measure. Fig (5). This experiment relates volume 
to area. Volume is a three dimensional measure. Area is a two dimensional 
measure. What difference does that make? 
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cK-41^ 

§>(H vj)|cj 4 XF STTf^FFT 'MH 1 832 Glfc^mH % VX 5 "Ml fci ^ ?TP?xfl ^ . 

XJ. Xjxp. Xef^f ^ f?t5zn ani ZJf ^TXr} -cielftpl *TFft XST^fi tl 

3f^vft 3 “^eW-4^” % ^TFT ^ FRTT ^n?TT tl 

fxT5r(1) t ftv XTTT Xpt TTZP cf5|J|vl TR vic1R^>'! Xjt f%^ ttt XR RiMcOI 

tt I cfTC TTTXrarft ^ 3FF7 3ffc fN % ’’M t «Fft XfRF Rsf-s^it eft 
fxfRft tt Iff «^S xt cfiTcf ct I f^T (2) I '^Tt r T ft^T XJT xRTeft Xft?f xpet 
% XF^- t t RcFdcF X3^ fcFlfl tf%eT % xfr& F^ft TXR t XJHT3TI I 1^T5I (3) I 
tf%ef XF f^F spf XFXRTT I fxpT XfT 3?tF Xf?l Effl xr Xfxpft XJTpft I XRT ?TT WTXT 
XF S2TPT 773FT ft? t%ef ^TXf>fl Xf> f^TST cfTefT TTcTF XJ>t 3Tt7 ^T tt I 3fXf ^^Flfl 
“ftftxfT XTffH” Fl % feTXx t^TR 1 1 f*T5I (4) I 

3RT tf^cT eft 'Fcp eft 3>r||^ ?TXP XJ5|XR 3Tltt % RfFrt 7T# tt X5JT3fM 
tTXfrft XF frfpf cTTFT f^FHT 3nft ?t 3fk tl I ^TXpfl eft XFTcft ^ ^HT3Tt, 
^f?FT xf^r txjf xrff i flra ( 5 ) i an ftrfr^TT Rax^fthxqt 1 1 antt xft I 
XRT Xjx# ^fTST efl'dd'l F7R FT TFT t? wfl t ftxf, xjcf? XfTF xrxp Fxpfl 



THE PHANTASCOPE 

The Phantascope or ‘Magic Disc’ was invented in 1872, by a Belgian 
physicist J.A.F. Plateau. It is supposed to be the first moving picture 
machine. The design of the Phantascope is nothing more than a cardboard 
circle with a series of equispaced slits. The Phantascope can rotate about 
a pivot mounted on a handle. On the other side a set of sequential pictures 
are placed between slits. When the device is placed in front of a mirror 
and viewed through the rotating slits, the pictures give the viewer the 
impression that they are moving. 

Trace the pattern in Fig (1). Glue it on a cardboard. Now cut the twelve 
slits in the centre with a short knife. Fig (2). Attach the pencil handle to 
the Phantascope by pushing a thumbtack through the centre into the 
eraser of the pencil. Fig (3). Make sure that the pencil is on the blank side 
of the cardboard. Now your Phantascope is complete. Fig (4). 

Stand in front of a mirror, holding the Phantascope so that the pictures 
face the mirror. Twirl the edge of the disc with your finger. Do not twirl too 
fast. Watch through the viewing slits as the images become a moving 
picture. Fig (5). 
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ff> HfscT 1 1 fk 3FFF ft fti?f Ff fk, kk FTk ^jft 

FTFk Ft I fk ^RTet ft v5TT FTFFt Ft I fFlf FTF ffF 1 1 fk ^FTf k FTFf 
fxTF FF> (ff?FF F5F f Ftk-Flk k FTTFf 3TTk f I fkFft ft FFT Fk FR 
^rmt f effect Fk fFT ffecT FF F^ft ffTITFT FTT FTF>cTT 1 1 fFT Rbcl |e| 
% ffcj f fTf cppivT FF , sk FTF gFFFTft % kvTTfF f I Fckp F>t FF> FfcTF 
Esft f , ^Flft FfkF f I kJtfW'S elf FFT k 1 ? clkf k cpTFt, fkt, ff MF>lft 

fk ^FTft I 

Ffk fkyTTfF Fk faFT (1) f kFITF FF tfkk k 3FJFTR FFS fTl fFT% FTF 

3TTF fcRlfr, ( ) % f^FF FTeft ^Fiff FF k fkvTTfF Fk Fff>F FTcTf 

eft fk ffft I kT5T (2) I W Tift k!FTff Fk FRTf Fk fk ftft I f*T3 
(3) I FFef ffeeT Fk F^F fk k kkFR ^FT3ft I FTF f fk cRTTFR, 1 k 
5 FF> k FTF f RlFFFft I 

FFc^ Tfk FTcTf FF 1 , 2, 3 FF fk cTFTaft I f%T5l (4) I 3TF FTkF FRTF % fk 
fkkkk FF ft fk eTFTSft I f*T5T (5) I 'EJft FTcfF % fk 1 Fk FTkF FFTF 
Fk fk 1 k kwft I fFk Fffk Fftfk23ftFFk3%FTI8T FtFFTf FF 
ffF (6) fkft fF Ffft I fFT fF % FF? kk FF fk 4.5% Fcff f fk 
^FTft ktF FF FF> fk 1 1 ?F Fckf FF fk (FfT Fe41 FJ?Ff Fleft fk 3Rkl 
F%ff) eFITcpF fff fk f TJFf ft I f^T5T (7) I fk F£3f k FTF ^JFFFTf Fk 
^FT3Tt I 

FLEXAGONS 

The flexagon is an amazing model. Each time that it flexex about its 
centre a different picture comes into view. It can be used to depict any four 
stage cycle or sequence. Four flexagon networks printed on thin card 
sheets are stapled in the middle of the book. The card sheet have the 
printed network on one side. The reverse side is plain. Make the flexagons 
as follows: 

First, cut out the network precisely along the outline. Fig (1). Fold all 8 

diagonal lines marked with dashes ( ) away from the picture. Fig (2). 

Fold all 6 vertical lines towards the picture. Fig (3). First try to assemble 
the model without applying glue. When you can see how it fits together, 
glue in order of 1 , 2, 3, 4, 5. Glue 1 , 2, 3 on the picture side. Fig (4). Also 
apply glue to the three triangular hills on the plain side of the sheet. Fig 
( 5 ). These have not been marked on the network. 

Stick Glue 1 of the picture side on Glue 1 of the plain side. Do the same 
with Glue 2 and 3, to get the chain in Fig (6). Apply glue to flaps 4 and 5. 
They go inside the pocket to complete the ring. Fig (7). The use of a quick 
dry impact adhesive gives better results. Once the model is dry, flex it 
away to giory. 
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ZftS fe«ll F^-F#]' F# ^FFR # ^Id ^FT I ci^eMdl FFf FF ^t, 

Frft ff# f#tct #f i are f# ^t-ftt wr Ft#t sfrr frfftofi 1 

3ffc 3TF #73^ W I^TI I fes[T 3JW ^|F FT ^ cm ell Ft FF I 

T^ FT# eft f^TRTcA X& FF? F#5F 3fR ^F cReft (F f^ 

3fR FT <f#) Ft t FT# Vfte ^ 5 ^ Tft. FFT FeT 6 Ft FT#t I $-1# ^ Ft Ft 
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THE INSIDE -OUTSIDE CUBE 

This is a very ingenious puzzle. Imagine a box -white on all sides. Give it 
a few turns and twists, and it is black on all sides! 

Using stiff card sheet cut six squares, with a 5 cms. edge. The squares 
are white on one side, black (or coloured) on the other. Cut two squares 
along the diagonal to make four triangles. Fig (1). Using adhesive tape 
stick the four squares and the four triangles into a ‘W’ formation. Fig (2). 
Now bring edges AB and CD together and join them with tape to get a 
square formation. Fig (3). Twisting as in Fig (3) results in an all white 
cube. Fig (4). 

Fold the square in Fig (3) along its middle horizontal line to get the rectangle 
in Fig (5). Open out the rectangle in Fig (5) on its bottom edge to get a 
black (or coloured) hexagon, Fig (6), which is closed into a rectangle. Fig 
(7). When this rectangle is opened up a large square is obtained. Fig (8). 
This can be twisted to give an all black (or coloured) cube. Fig (9). 

It is almost magical how a few turns and twists can turn a six faceted 
cube completely inside-out. 
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MATCHBOX RIDER 

\ 

This zero-cost dynamic toy is made by threading an old matchbox in an 




ingenious way. Make a hole each on the strike surface of the matchbox 
about 1 .5 cms. from one end. Make two more holes on one wall of the 
drawer using a divider point. Fig (1 ) Take a needle with a 1 .5 metre long 
string. Thread the needle through the strike surface and the drawer hole. 
Fig (2). Thread the needle through the other holes too. Fig (3). The threaded 
matchbox is shown in Fig (4). Now, tie the two ends of the thread to 
complete the mechanism. Fig (5). 

Hold the string in both hands as shown in Fig (6). Turn and twist the left 
hand rapidly. The matchbox will travel along the string tracks. However, it 
is more interesting if you stick a cut-out of a rabit on the matchbox, Fig 
(7), and enjoy the rabbit hop at your finger tips. The mechanism moves in 
one direction only, and you will have to bring it back once it reaches the 
left hand end. 



Hang the top string loop of the mechanism by a nail and stick a cut-out of 
a lizard on it. On pulling the left and right hand strings in succession, the 
lizard will crawl up. Fig (8). 
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CLIMBER JOKER 

The Climbing Joker is quite akin in principle to the Matchbox Rider. Both 
these toys are based on friction. Remove the joker from an old pack of 
playing cards. Cut two soda-straw pieces, each 6 cms. long. Using adhesive 
tape, stick these soda-straw pieces at an angle of about 20 degrees, on 
the backside of the joker card. Fig (1). Thread a 2 meter long string through 
the straws. Tie both the ends of the string in a knot. Fig (2). Hang the 
string by a nail as shown in Fig (3). Hold both ends of the string taut. Pull 
each end of the string alternately and the joker will climb the string. 

Before the joker begins to climb, the string should have a minimum of 
tension. Try to increase and decrease the angle between the straws and 
see the change in tension required to get the joker climbing. What would 
happen if you used old ball pen refills instead of soda-straws? 

There is one good thing about the string-straw mechanism. Unlike the 
Matchbox Climber, it does not have to be brought back to its initial position. 
The joker simply slides down as soon as the tension in the string is released. 



41 





STcfJpT ci>|4> 

Xjcf) R| d IR ~<Rt TTpft ^ ‘cfr^TT IT? eft I Tift TR TT> <ftlft cRT 3 ft I 
^jt toM 1% ift?n Rtrrt Tft ftftrR ft 'Hctr ftRcn ft 1 fti ft ft 
^c^cTf jft Rjft I f%T5T (1)1 Tift ift P|ct>M<l3'i RlelKi Tft Tift ft eRTTRsf ift I 
ftftf tftsftcf 3 Tift ftTetRT % RmR ft fttlT \5RR RTRTT I ftlft Tft ftft 
ft qpft TR ftfR ft ftRloft I fRf TR cftfft RlcHNH % ftlR ft RTTR clftll I f^T5T 
(2) 1 fer (1) 3 Tift rt rr sracfcT an - TTfft ftR 3 ftftn afR Ridin 
cf 5 t ftftnR tt fjrenr f%ra (2) 3 Tift tr rr rut ft - Rifft ftftr ft rrt 
sfR ftRTft tt ftRni Tift iftRT Tift % M rr tt ftt rttr ftRTT fti 

wr #, 

Traftt ftfwcft ftr #t rt tit irr ftr?tT ft 1 ?ft Rnrft ftr Rrj tt TifftR 

ift cM ftr ftRr -ft tit ift ftmrrft ftt^ft^^fttsmftrfeTTT^i 

fftr (3) 1 ftftft ftt iuft tt n? ftt rt? tt Reft [rcift 1 ft ftftft fftrft 

eft % ftlft Rrrft ft ftl TT IT Ret RriT % sfccf cfft cftcft ftt ftt Tftt 
fan I f^ra (4) 1 Tftm ftt TRft ttt trt ftR nftnn 1 1 fttftt? ttttr 
ft ciTlft ftt Trft ft 3TT£fT ft .ftt. RTT Reftf eft ft Tftft TT> ftftRl ft feR 

Trftt 1 err Rft Rr rrtr rtt Tfti 1 rttr ftt iuft tr RRft rrt fan 

t^n ftfeT WeeTT fftftfTT I f^T5T (5) I ^ % #cf RT t%RTT, Rif eft aft, 
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BAR ROOM PHYSICS 

Fill a narrow drinking glass with water, to about 1 cm. from the lip. Float a 
cork on the water surface. No matter how carefully you try to centre It, the 
cork will always move to the edge of the glass. Fig (1). Now remove the 
cork, and slowly add water to the glass, until the water level is slightly 
above the rim of the glass. Carefully place the cork on the surface once 
more. This time the cork will float in the centre. Fig (2). In Fig (1), the 
water level is slightly higher at the walls than in the middle (concave), so 
the cork floats towards the rim of the glass. However, in Fig (2), the water 
level is slightly convex and the cork floats to the centre. 

HOT FLAME, COLD CENTRE 

This experiment demonstrates a very strange fact about a flame. Though 
most of it is too hot to touch without burning your fingers, there is a cold 
spot in the centre. Hold the middle of a matchstick in a flame for a moment 
or two. Fig (3). On removing, you will see that the matchstick has burnt 
only at the two spots where it touched the flame. The portion between 
them has not burnt. Fig (4). You can do this experiment in another way. 
Hold a square of stiff paper steady in a flame for a second or two. On 
removing, there will be a scorched ring on the paper formed by the hot 
outside ring of the flame. The cool centre remains unscorched. Fig (5). 
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SURFACE TENSION 

If you look at a dry paint brush you will see that its hair are frayed and do 
not cling to a point. Fig (1 ). Even in water, the hair do not ding and form a 
tip. Fig (2). However, if you remove the brush from water then the hair cling 
to a point. Fig (3). This is because the wet molecules of water form a film, 
which in trying to minimise its surface area, makes the hair cling together. 

While threading a needle, we often find that the frayed end of the thread 
does not enter the eye of the needle. Fig (4). So, we wet the thread end 
with our spit. Fig (5). The frayed fibres now cling together and threading 
becomes easy. Fig (6). 

Make four holes in a plastic or a thermocol cup using a divider point. Fig 
(7). The holes should be about half a centimetre apart. On filling the cup 
with water, four streams of water will spurt out. Squeeze the streams 
together, with your thumb and index finger. Fig (8). They will combine to 
form a single stream of water. Fig (9). This is what happens. Each of the 
four streams of water has a film around it. This film, composed of water 
molecules itself, encases the water, but it is quite elastic and allows 
movement. When the streams are pinched together, a new film is formed, 
which is strong enough to hold all the water together. 
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RIGIDITY OF TRIANGLES 

If you carefully look at steel bridges or roof trusses, you will notice that 
they often consist of a large number of triangles joined together. Cutl cm 
wide and 1 0 cms. long strips from stiff greeting cards and punch holes on 
their ends. Fig (1). Using press-buttons as joints, join three card strips 
into a triangle. Fig (2). Does its shape alter? Try making squares, 
pentagons and other polygons. Are they rigid? Join several triangles together. 
Fig (3). Is this new structure strong? In which other large structures have 
you seen triangles being used? 




THE STRONGEST TUBE 

What is the best diameter for a tube? Given a postcard how can we roll it 
up to make the strongest tube? Roll up a few old postcards to make tubes 
of the same length but different diameters. Use the same amount of 
cellotape to stick each tube. Fig (4). Slip a pan with a string tied around 
one of the tubes. Ensure that the same amount of the tube rests on each 
desk. See that the pan is in the centre of the tube. Keep adding weights 
until the tube begins to buckle. Fig (5). Test the other tubes. Which tube 
is the strongest? Now, roll a postcard up so that it forms a solid rod of 
paper. Will it be stronger than the strongest tube? Find out. 
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TETRAPACK MODELS 

Tetrapacks have revolutionised packaging the world over. Now-a-days, 
cooking oil and several cold drinks are being distributed in tetrapacks. 
After use, the cartons are just thrown away. These cartons are made of 
composite layers - plastic film, aluminium foil and paper fused together. It 
is very expensive too. You can make wonderful things with old tetrapacks. 

Open, clean and straighten a tetrapack. Fig (1). Using a divider and a 
scale, mark out a network of eight equilateral triangles (with sides of 2.5 
cms.). The five little flaps will be glued and will hold the model in shape. 
Fig (2). After cutting the network crease along the edges. Apply adhesive 
or glue the flaps. Fig (3, 4). Fold and stick them to complete the 
Octahedron. Fig (6). The exact network of the Octahedron is given in Fig 
(5). Similarly, using the network of Fig (9), fold a Cube. Fig (10). The 
tetrapack material takes short crease. The finished silvery models are 
rigid, waterproof and look almost metallic. 



(Contd. on next page) 
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TETRAPACK MODELS 




Mark network shown in Fig (1) on the tetrapack sheet and fold it into an 
elegent 20 faceted Icosahedron. Fig (2). Using the network in Fig (3), 
make a Dodecahedron. Fig (4). Thus, all the five regular convex solids - 
the Platonic solids - the regular Tetrahedron, Hexahedron (Cube), 
Octahedron, Dodecahedron and the Icosahedron can be made from 
tetrapacks. Euler - the famous mathematician discovered a simple relation 
connecting the numbers of vertices (V), edges(E) and faces (F) of polyhedra. 
See whether V + F = E + 2, holds true for all the above solids. 

Fig (5) shows the sector of a circle with radius 5.0 cms. and an angle of 
108 degrees. It is folded and stuck with the silver side inside to make a 
cone. Fig (8) The base and height of this cone is the same as that of a 
film roll bottle - a cylinder. The cone fits snugly into the bottle. Fig (7). 
There is a relationship between a cone and a cylinder with the same base 
and the same height. The volume of the cylinder is thrice that of the cone. 
Test it by pouring one coneful of water in the film bottle. Fig (9). Two 
conefuls, Fig (10), and finally three conefuls to top the film-roll bottle with 
water. Fig (11) 
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SODA-STRAW STRUCTURES 

Using plastic soda-straws you can make some very efegent models. The 
straws can be used both for joints as well as the structural members. For 
a joint-of-two take a 2 cms. long piece of straw and crimp it with your 
thumb and finger. Fig (1). Insert one end of the joint in a straw. Fig (2). 
The other end of the joint is inserted in a second straw. Fig (3). Using 
three joints and three straws make a triangle. Fig (4). To prevent the joints 
from coming out of the straw, weld them, by poking a hot needle tip. 
Assemble a square, Fig (5), and a few more polygons. 

The joint-of-four is made out of two pieces of straw. Take a 2 cms. long 
piece of straw and bend it double. Fig (7). Slightly nip both long edges at 
the bend, as shown in Fig (8), to make a diamond shaped hole. Fig (9). 
Weave the second piece through this hold, Fig (10), to make a cross 
joint. To prevent the cross pieces from slipping out, weld them together 
with a hot needle tip. Fig (11 ). A joint-of-three is got by simply cutting one 
leg offhe cross. Fig (12). 

Assemble a Tetrahedron as in Fig (13), and a Prism, Fig (14), using 
joints-of-three. Weld the straw members and the joints together to prevent 
them from coming apart. 

(Contd. on next page) 
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SODA-STRAW STRUCTURES 

To make a joint-of-six cut out diamond holes in the middle of the two 
straw pieces. Weave a third straw piece through these holes to make an 
H shape. Fig (1). Take one leg of the H and weave it through the adjacent 
joint-of-four, to make a phased out star joint. Fig (2). Ajoint-of-five is got 
by simply cutting off one leg of the joint-of-six. Fig (4). 

Using 30 straw members and 12 joints-of-five, assemble an Icosahedron. 
Fig (5). The pyramid in Fig (6) is made with 8 members, 4 joints-of-three 
and 1 joint-of-four. The Octahedron in Fig (7) looks like two pyramids 
back-to-back, and can be made using 6joints-of-fourand 12 members. 

Structures from soda-straw look very neat and elegant. You can test the 
relative strengths of these structures by hanging weights from their 
members. Plastic soda-straw models are also waterproof. So, you can 
dip them in soap solution and study the nature of soap films on their 
facets. 
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A PAPER FLUTE 

Mark out the pattern in Fig (1) on a piece of paper. Then cut out the 
rectangular shape with a small square flap on one edge. Fig (2). Roll the 
paper like a cigarette, gluing its other edge so that it does not open. Fig 
(3). This simple roll of paper with a little flap bent over one end makes a 
nice paper flute. Fig (4). If you place the end with the flap inside your 
mouth then you have to blow out to play it. Otherwise, you can have the 
flap end outside, in which case you suck gently, thus vibrating the flap 
against the tube. Fig (5). Now insert the tube inside a used thread reel. 
Fig (6). Vary the length of the vibrating column and see if there is some 
change in the sound. Fig (7) 

SODA-STRAW FLUTE 

Flatten out one end of a soda-straw. Nip both long edges of this end with 
a scissors with a V point. Fig (8, 9). Keeping the V end outside, suck air 
from the other end. The V end will vibrate producing a musical note. Fig 
(10). You can also keep the V end inside the mouth and blow out air. The 
straw will again sound a note. Now keep cutting little lengths of the straw 
with a scissors. Fig (11) As the straw becomes shorter the sound becomes 
shriller. Cut a few holes on the straw to make it into a flute. Fig (12). By 
opening and closing these holes you can play a few notes on the soda- 
straw flute. 
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PENTOMINOES 

Try making different patterns using 5 old, square-shaped five paise coins 
each time. Five squares can be fitted together edge-to-edge in only 12 
different ways. These shapes are known as Pentominoes and are shown 
here fitted together like a jigsaw to form a 10 x 6 rectangle. Fig (1). Cut 
yourself a set of pentominoes from cardboard or shoe sole rubber. See if 
you can find other ways of fitting them to form 10x6, 12x5, 15x4 and 
20 x 3 rectangles. There are thousands of solutions, but feel happy if you 
can find one for each rectangle. 

One of the pentomino shapes can form a regular repeating pattern to 
cover the page without any gaps - that is, it forms a tesselation. Fig (2). 
Draw patterns to show which other pentominoes will tesselate. The same 
pentomino is shown folded in Fig (3) to form an open cubical box. Find 
which of the other pentominoes will form a net for the box and shade the 
square corresponding to its base. 

Shapes made from six squares like in Fig (4) are called Hexominoes. 
Which of the shapes in Fig (4) could be folded to make a cube? There are 
35 hexominoes. Try to find them all. It may help if you use squared paper. 
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HEXAFLEXAGON 

A hexaflexagon is an intriguing arrangement of equilateral triangles folded 
in such a way that at any time six of them form a hexagon. The fiexagon 
can be ‘flexed’ into a new arrangement by pinching together two adjacent 
triangles and opening out the triangle from the centre to reveal a new face. 
When you have made a fiexagon, mark the corners of the triangles at the 
centre of the visible hexagon with a symbol such as a heart or diamond, or 
spell out a six letter word. Then flex the hexaflexagon and mark the centre 
of the new face with another set of symbols. You will be surprised just how 
many different centres you can find! 

Take a strip of thin card and draw 18 equilateral triangles as in Fig (1). You 
will find that 5 cms. is a good size for the side of a triangle. Score along 
each of the dotted sides of the triangle. On one side, number the triangles 

1,2,3; 1 , 2, 3; , and mark the end triangles along the edge as in Fig 

(2). T urn the strip over and number the other side with 34,4,5,5,6,6, 
pattern exactly like Fig (3). 

Next fold the strip by placing triangle 4 exactly onto triangle 4, 5 onto 5, 6 
onto 6 etc. as shown in Fig (4). This rolls the strip up, see Fig (5). Now 
fold the strip again so that triangles of the same number are all on the top, 
as shown in Fig (6). Stick the two marked edges together using adhesive 
tape. Now you can keep flexing the hexaflexagons to glory. 
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DISSECTION PUZZLES 





Many puzzles are based on cutting up one shape in as few pieces as 
possible which can be rearranged to form another shape. An example of 
this is a 12 sided regular polygon, shown in Fig (1), cut into 6 pieces, 
which are reassembled into a square. Fig (2). 

Similarly, an E shape as in Fig (3) can be dissected to be reassembled 
into a square of the same area. Fig (4). 

Typical amongst the dissection puzzles is to cut the Greek Cross into 
four pieces which can be rearranged to form a square. Fig (5). If the cross 
is seen as made up of 5 unit squares then the square into which the cross 
is to be transformed must also have an area equivalent to 5 square units. 
Two solutions are shown in Fig (6, 7) But how are they arrived at? One 
answer lies in the use of tesselations. In Fig (8) the Greek Cross is shown 
forming a tesselation and then superimposed on it is a tesselation of 
squares whose area is 5 square units formed by joining the centres of the 
adjacent crosses. 
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THE IMPOSSIBLE PUZZLE 

This is a very good puzzle to baffle your friends with. Take a rectangle of 
paper about 25 cms. long and 15 cms. wide. Fold the rectangle in half 
from bottom to top. Fig (1). Cut a little slot in one end of the paper as 
shown in Fig (2). Then unfold the rectangle. 

Now fold the rectangle in half from left to right. Fig (3). From the folded 
side, mark two parallel cuts that go towards, but do not quite touch the 
slot. Fig (4). Unfold the rectangle. This should be your finished result. Fig 

( 5 ). 

Now, bring the ends of the paper towards each other, but not quite together. 
Thread the strip made by the two parallel cuts in Fig (4), through the slot, 
so that you get a little loop sticking out. Fig (6). 

Thread the buttons on to a length of cotton and knot the ends so that the 
buttons do not fall off. Fig (7). Put one of the buttons through the loop. Fig 
(8). Fold the paper back into place so that it looks like in Fig (9). 

Show the puzzle to your friends. Ask them if they can remove the buttons 
without breaking the cotton thread or tearing the paper. Fig (10). The 
secret is simply to repeat the steps in Fig (6, 8) and to pull the buttons 
back through the loop. 
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A FIVE STAR TREAT 

With a few, quick folds and with just one cut of the scissors, you can 
make five stars in one sheet of newspaper. 

First, cut out a large square from a double spread newspaper sheet. Fig 
(1). Fold the square in half from top to bottom. Fig (2). Fold it in half from 
left to right. Fig (3). Fold the top left-hand corner down to meet the bottom 
right-hand corner. Fig (4). Fold the top right-hand corner up to meet the 
middle of the diagonal slope. Fig (5). Fold both the top right-hand and 
bottom left-hand corners over to meet the bottom right hand corner. Fig 
(6). Press the paper flat and turn it over. Fig (7). Fold the paper in half, 
from the top right-hand corner to the bottom left-hand corner, along the 
diagonal fold line. Fig (8). This way you will be making a triangle. Fig (9). 
With a scissor carefully cut away the shaded part. Fig (10). Open out the 
paper carefully and you will have five stars glittering at you. Fig (11). 
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The best thing a child 
can do with a toy, is to 
break it. 




